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Heartbeat perception tasks are used to measure interoceptive accuracy. This paper explores the effect of reducing external auditory stimuli on heartbeat perception. Three samples (121 participants in total) performed a heartbeat perception task. Samples 1 and 2 wore ear-protectors and sample 3 did not. There were no differences in interoceptive accuracy between samples 1 and 2 but samples 1 and 2 showed significantly higher interoceptive accuracy than sample 3. These results suggest ear-protectors could be used to manipulate heartbeat perception and that the auditory component of heartbeat perception might be given greater consideration. 
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Introduction
Interoception is commonly construed to be the sense of the physiological condition of the body, including senses such as temperature, itch, hunger, thirst and visceral sensations (Craig, 2003). Visceral signals via neural and humoral pathways allow regulatory control of the body without conscious awareness, however visceral signals are also ultimately represented in the central nervous system within the insular cortex, permitting humans to experience interoceptive awareness (Critchley & Harrison, 2013). Individuals differ in their interoceptive awareness, i.e. the subjective sense of awareness of internal sensations, but also in their interoceptive accuracy (IA), i.e. the ability to accurately perceive internal sensation (Garfinkel, Seth, Barrett, Suzuki & Critchley, 2015). Individual differences in IA are commonly studied using heartbeat perception, and in recent decades, interest in interoception as measured by heartbeat perception accuracy has grown exponentially within psychology, having now been studied in the context of research domains including amongst others time perception (e.g. Pollatos, Laubrock & Wittman, 2014), emotion perception, (e.g. Herbert, Pollatos & Schandry, 2007) sense of self (e.g. Ainley, Maister, Brokfeld, Farmer & Tsakiris, 2013), and clinical disorders (e.g. Domschke, Stevens, Pfleiderer & Gerlach, 2010). The contribution of IA, and more specifically cardiac perception to psychological literature is therefore demonstrably broad.
Measurement of cardiac perception is relatively non-intrusive and simple to administer and shows a reliable range of individual difference; furthermore accuracy of cardiac perception correlates with activity in insular cortex, the ‘interoceptive’ cortex, during attention to internal physiological states (Critchley, Wiens, Rotshtein, Ohman & Dolan, 2004). Accuracy of heartbeat perception has also been found to be related to gastric sensitivity, (Herbert, Muth, Pollatos & Herbert, 2012) and accuracy of gastric perception (Whitehead & Drescher, 1980) suggesting that cardiac perception may provide an index of general IA. However, previous authors have warned against both an overly generalised use of the term ‘interoception’, when terms such as ‘visceroception’ or other specific terminology may be appropriate, and also against the assumption that accuracy of cardiac perception truly provides an indication of overall interoceptive acuity (e.g. Ceunen, Vlaeyen & Van Diest, 2016). Cardiac perception accuracy is also related to individual difference variables such as age, reducing with enhancing years (Khalsa et al., 2008) and there is some evidence that males may be better at detecting heartbeats than females (e.g. Grabauskaité, Baranauskas & Griskova-Bulonouva, 2017).

Measures of cardiac perception differ, however two common categories of cardiac perception task are heartbeat tracking tasks that require an individual to count the number of times they perceive their heart beating during specified time periods (e.g. Schandry, 1981), and heartbeat discrimination tasks that ask individuals to report the timing of individual heartbeats, through tapping or through perceived synchrony of the heartbeats with external stimuli (e.g. Whitehead & Drescher, 1980). The heartbeat tracking method has been widely used in IA research (e.g. Barrett, Quigley, Bliss-Moreau & Aronson, 2004; Herbert, Pollatos & Schandry, 2007; Montoya and Schandry, 1994; Ainley et al., 2013), however heartbeat counting tasks have also received prior critique as a measure of interoception in that experimental work suggests that heartbeat counting paradigms rely on knowledge of heartrate rather than perception of individual beats (Ring, Brener, Knapp & Mailloux, 2015) and such tasks may overestimate individual ability to accurately perceive heartbeat (Brener & Ring, 2016). As such, the present paper provides some further scrutiny of the heartbeat counting task by exploring the role of an ‘external’ sense in an interoceptive task.  
IA has been considered a trait variable due to good test-retest reliability for heartbeat perception measures (Mussgay, Klinkenberg, & Ruddel, 1999), however it has also been manipulated as a state variable; previous manipulations of cardiac perception include body position (Jones, Jones, Rouse, Scott & Caldwell, 1987) and self-reference, either by exposing participants to their own self image, or to self-referential information (Ainley (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Ainley V%5Bauth%5D​) et al., 2012; Ainley et al., 2013).  There are a priori reasons to expect that reducing auditory distractions might also alter IA.  A hypothesis based on cue-competition (Pennebaker & Lightner, 1980) would suggest that information from both internal or external sources compete for the same attentional resources. It would therefore be predicted that reduced auditory distractions during heartbeat discrimination, for instance through the use of sound-dampening ear-protectors, would enhance IA. An examination of the literature finds that in previous work there is an implicit awareness by some researchers that controlling auditory stimuli is particularly important for this task.  Schandry (1981), for example, employed a sound-proofed room to test participants. Ainley (​http:​/​​/​www.ncbi.nlm.nih.gov​/​pubmed​/​?term=Ainley V%5Bauth%5D​) et al., (2012) used sound dampening earphones to test participants. However, the authors could find no published work directly exploring the influence of audition on heartbeat perception. The present article therefore seeks to address this important methodological issue.
Manipulations of IA are potentially important methodological tools in understanding the causal direction of relationships between IA and other psychological variables. For example, a growing body of work reports positive relationships between IA (as indexed by cardiac perception) and the intensity of self-reported emotion, specifically negative emotional arousal (Barrett, Quigley, Bliss-Moreau & Aronson, 2004; Dunn et al., 2010; Duschek, Werner, Reyes del Paso, & Schandry, 2015; Herbert, Pollatos & Schandry, 2007; Montoya and Schandry, 1994; Wiens, Mezzacappa & Katkin, 2000). These findings have been used to support hypotheses that locate emotional experience within the body (Damásio, 1994; James, 1894, Wiens, 2005), in that individuals who are more acute and accurate perceivers of their own bodies may have consequently more acute and intense perception of their own emotions. 
However, it is interesting to note that all of the findings listed above were correlational. The use of correlational approaches is in fact endemic within the literature on IA. Experimental work, via the manipulation of IA would therefore seem appropriate in order to demonstrate the anticipated impact of enhanced IA on emotional experience and other psychological variables. Thus, a contribution of the current paper is that it suggests a potentially interesting manipulation of heartbeat perception accuracy that might be used as a tool to explore causal relationships with heartbeat perception.




One hundred and twenty one undergraduate students participated in the study, of which 4 participants were excluded due to missing data.  Participants were undergraduate students at De Montfort University recruited predominantly from disciplines from the Faculty of Health and Life Sciences including Psychology. Psychology students who participated were eligible to receive course credit for participation in samples 1 and 3. For samples 1 and 3 participants were therefore awarded course credit or took part out of personal interest. For sample 2 participants were given £3 in return for their time. Data collection for all studies was over the same time period. Age, sex and mean heartrate of participants in each of the samples are summarised in Table 1.

Table 1. Age, sex and heartrate characteristics of each sample 
	N	Mean age (SD)	Age range	Males/Females	Mean heartrate in BPM (SD)
Sample 1	35	20.83 (3.20)	18-35	5/30	75.74 (9.70)
Sample 2	34	22.76 (3.17)	19-33	22/12	76.44 (9.88)




The design was quasi-experimental, with three samples. Sample 1 and 2 were collected as pilot studies for a research project on interoception and empathy. Sample 3 was collected for development of a psychometric measure. All participants completed an identical heartbeat perception task, however in sample 1 and 2 ear-protectors were worn and in sample 3 none were worn. Participants were tested in the same research laboratory using the same equipment over the same time period. Different research assistants collected samples 1, 2 and 3, all using the same, standardised, heartbeat perception task protocol. A requirement for each study was that participants had not previously taken part in any other heartbeat perception study therefore there was no overlap in participants to the knowledge of the experimenters. 
 
Materials and Apparatus
Participants’ heartbeats were recorded via a pressure transducer cuffed to the participant’s left index finger, detecting the pressure of the pulse beneath the skin, connected to a physiological recording unit (26T PowerLab, AD Instruments). Recordings were transmitted to a laptop PC running LabChart 8 software (AD Instruments). Visual cues (‘STOP’ and ‘GO’ signs) during the task were presented in Superlab 5 software (Cedrus) on a desktop PC and monitor. Interoceptive accuracy score was calculated for each trial using the following equation, then averaged across three trials:  
IA = 1-	|Reported - Actual heartbeat|	
	Actual heartbeat	

A higher score indicated more accurate heartbeat perception. In samples 1 and 2, 3M Peltor Optime I H510A ear-protectors with a single number rating (SNR) noise reduction of 27dB were used. These contain padded material which dampens environmental auditory stimuli.  

Procedure
All testing took place in the psychology research cubicles of De Montfort University which provided quiet, controlled conditions. Informed consent was provided by all participants, who were reminded of their rights to withdraw, and to anonymity and confidentiality of their data.  Procedures were approved in advance by the institutional ethics committee. For the interoceptive task, a heartbeat counting paradigm was used (Schandry, 1981) for all three samples. Participants counted their heartbeat in each trial without external aids such as counting their pulse or using a watch while their heartbeats were recorded. Participants were first given a practice trial of 15 seconds, followed by three trials of 25, 35, and 45 seconds presented in a randomised order. Visual ‘GO’ and ‘STOP’ signs indicated trial start and end. Participants also counted 20 computer-generated auditory ‘clicks’ presented at 60 clicks-per-minute, to ensure they could in principle count a pulse.  
Participants completed a number of further measures not relevant to and not reported in the present study. In samples 1 and 2 the interoceptive task was followed by completion of the Reading the Mind from the Eyes Task, (Baron-Cohen, Wheelwright, Hill, Raste & Plumb, 2001) and Interpersonal Reactivity Index (Davis, 1980). In sample 3 participants completed a state version of the State-trait Anxiety Inventory (Spielberger, Gorsuch, Lushene, Vagg & Jacobs, 1983) prior to the interoceptive task and a battery of scales following it: the state scale of the State-Trait Anxiety Inventory (Spielberger, et al., 1983), the Bodily Signals Anxiety and Worry Scale (Lopes, Yu & Hall, 2016), the Paranoia Checklist, (Freeman et al., 2005), Emotion Regulation Questionnaire (Gross & John, 2003) and the State Social Paranoia Scale (Freeman, Pugh, Green, Valmaggia, Dunn, & Garety, 2007). One set of analyses relating to survey data for sample 3 (but not IA data) have been previously published as conference proceedings (Lopes et al., 2016).

Results
Analyses were performed in R3.2.1 for Mac.  Shapiro-Wilks normality tests were performed on the three samples of IA scores. Results suggested that samples 1 and 2 were significantly skewed, with p = .004 and p < .001, respectively and sample 3 was normally distributed with p = .056. Inspection of the data suggested that samples 1 and 2 were both positively skewed most likely due to the application of the ear-protectors. Therefore, all analyses were performed with non-parametric tests. 
Preliminary Kruskal-Wallis analysis showed no differences in IA for male and female participants in each sample (χ2 (1)=.180, p=.67 for sample 1; χ2 (1)=.332, p=.56 for sample 2 and χ2 (1)=.169, p=.68 for sample 3, respectively).  Heartrate (HR) data was not skewed and a one-way ANOVA test showed no significant difference of HR by sample (M (sample 1) = 75.74, M (sample 2) = 76.44, M (sample 3) = 74.18, F (1, 115) = 0.51, p = .475).  A general linear model also showed age did not influence IA score (F (1, 115) = 0.01, p = .925). Therefore, none of these variables were included in the main analysis. 
Figure 1 shows the  IA means for each sample. A Kruskal-Wallis analysis was performed to examine the effect of sample, and the test revealed a significant difference of IA scores between the three samples (M (sample 1) = 0.78, SD (sample 1) = 0.20, M (sample 2) = 0.82, SD (sample 2) = 0.22, M (sample 3) = 0.60, SD (sample 3) = 0.18,  χ2(2) = 27.85, p < .001).  








Figure 1. Mean of interoceptive accuracy for sample 1 (ear-protectors), sample 2 (ear- protectors) and sample 3 (no ear-protectors). ***indicates p < .001.

Discussion
Participants who wore ear-protectors had significantly higher interoceptive accuracy compared to those who did not wear ear-protectors. 
The contribution of this study is firstly methodological, in that this paradigm potentially identifies a rather straightforward manipulation of heartbeat perception. As noted in the introduction, IA has been manipulated by other researchers in several different ways. It is argued that the relatively non-intrusive nature of ear-protectors make their use a novel potential manipulation for research on the causal direction of the relationship of IA as measured by heartbeat perception to other variables such as emotional arousal and self-awareness. 
As noted in the introduction there have been previous criticisms of the conclusions drawn from performance in heartbeat tracking tasks (e.g. Ceunen et al., 2016, Ring et al., 2015).  The present findings provoke further thought regarding the appropriateness of use of measures of cardiac perception to gauge ‘interoceptive’ accuracy in that one explanation for these results is that auditory perception plays a role in heartbeat perception. However, a number of explanations for how ear-protectors might facilitate heartbeat perception exist.  
The cue-competition hypothesis (Pennebaker & Lightner, 1980) presented in the introduction would certainly suggest that any reduction in distractors would enhance IA and the results presented here therefore support this hypothesis. However, as noted above an alternative explanation is that the use of ear-protectors manipulates a specific auditory component of heartbeat perception. It could be that ear protectors either reduce background auditory noise making the heartbeat more discriminable, or even that ear protectors act as a resonant medium, audibly amplifying the heartbeat pulse. A further potential explanation for the results outlined in this manuscript is that the use of earphones provides a cue to enhanced concentration on the heartbeat perception task. Further experimental work will permit discrimination between these alternative explanations. 
According to Pennebaker and Lightner’s (1980) hypothesis, manipulation of other external sensory domains (such as vision) should affect IA in an equivalent manner to the auditory domain. Also, if the use of ear-protectors acts as a resonant medium to amplify the pulse, then using another means of masking external auditory stimuli such as playing white noise to participants might in contrast reduce rather than enhance IA. Investigations along these lines are currently in progress.
There are limitations to this study. The design was quasi-experimental, and allocation to conditions was not randomised. It is therefore possible that there may exist systematic differences between the samples due to differences between researchers, or other hidden confounds. However, the authors argue that there is no apriori reason that such differences should exist. Identical procedures were used for the interoceptive task, with the same experimental set-up within the same laboratory, over the same time period.
In sum, this paper presents a new potential means of manipulating interoceptive accuracy, and demands consideration of the auditory component of interoceptive accuracy as measured by heartbeat perception tasks.
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